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Regulating Promoter Element of Iron-dependent Gene FRP1
in Candida albicans by Site-directed Mutation
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Abstract: Microarray analysis revealed that the expression of ferric reductase (FRPI) can be regulated by the Rim101 protein. In
order to find new transcriptional regulatory element in the promoter of FRPI, we analyzed the 1000 bp sequence upstream of ATG to
find 2 potential Rim101p binding sites. We generated site-specific mutations in each of the two sites and fused these mutated
promoters to LacZ. Then the promoter-LacZ fusion construct was recombinant into wild type and riml0I-/- strains for B-
galactosidase assay. The results revealed that the FRP1 was up-regulated in alkaline pH and this was caused by iron starvation. The
—650 site, not the —160 site, had an important role in FRPI Rim101p-dependent expression. We conclude that Rim101p may interact
with the —650 binding site of the promoter to regulate the FRPI expression.
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1o Bk A U (Frep) B 206 A AL = M a8 J5 — ik
BT, Ja M BRA BE  Z 6 S Ak i - 2K F i (Fet-
Furp) & AWk ANAHILIN o 76 USSR T 2 /027 14
AT RIS JEU i RE IR, Simon 25019 g %% B kA 5l
LI FREI(CFLI), Fetl#bRLminy etk Scfiel-/-Fi i
B AE B G  235 R T FRELI0™, 7E pH3.3 /Y
BRERIREE Y, FRET0 AR 3220 @ ki SR i ke 1
HATA NI pH KT 6 B sx s WAL R HAE T, i
2 AR AT WY = 4R S5 I 3 7 T 4
RIM101 4% 2 EL IR H AR ST I L 24 A58 pH A8 4k
HIME S SRR, Rim101 5 A& X — iR il e i
o JE b R AR A BIE 5 L X BT AR AR
rim101-/-FR L R R KNG L R B, TEmME AR T, B

AR Z BB A A B, rim101-/-8F X B 5L A
FER AR, 3k BT AL 45 14 22 4 0 28 R TR A o kA
Ul FRPI, PRICAHEN FRPI J2& 1 &3k i RS
TR — N E YR S R AL N, T H FRPI
FiksEsz Riml0lp ¥R, X FRPI FiiF 1000 bp
FE51 20 #r R BRAE-160 F1—650 &by BIAEAE— NI AE
() Rim101p &5 &0 A (WL IE 1), FAT3E a3 %X A~z
ST RGBS TR IN Rim101p /A4 A+
U RS FRPT FER Fik 11

1 AR

1.1 SRIEFE. RS
1, F£2,

F* 1 AMREROEKANRR

Table 1 Strains and plasmids used in this work

Strains/plasmids Genotypes References
E. coli DH5a SupE44 hsdR17 recAl end Al gyr496 thi-1 recAl Conserved in this lab
DAY1 ura3::limm434/ura3::Aimm434 arg4::hisG/arg4::hisG hisl::hisG/his1: hisG
DAY ura3::Aimm434/ura3::limm434, arg4::hisG/arg4::hisGhisl::hisG/hisl::hisG
riml101::ARG4/rim101::URA3
DAY414 Saccharomyces cerevisiae trp A Awarded by Dr. Dana Davis
pDDB211-D Conserved in E. coli. Amp', contains LacZ gene
pDDB78 Conserved in E. coli. Amp', contains hisG from Candida albicans

F2 ALBEMAY

Table 2 The primers used in this work

Name Primer sequence (5'-3") Usage
P1 catatg tgaaagttaaactt amplify FRP1
P2 aggtccaagaattaccgatc promoter
E650mut gaacacaacgaagtagecggca

atcggcgactagcaa
E650 ttgctagtcgecgattgccggcta
anti-mut cttegttgtgttc primers for

romoter mutation

E160 mut ttcgcagttttcggattgccggeat P

agaaacgataaat
E160 atttatcgtttctatgecggcaatce
anti-mut gaaaactgcgaa
LacZ 5' end gagggggagatgaagttaag

detect LacZ gene

LacZ 3'end ggagcccattcagttgcette

Note: digestion site is inclined; the putitive Rim101p binding site
are underlined and the mutated bases are bold.

12 FZiLFH

i[53 /K pGEM-T Easy Vector ) Ligase A&,
6 H Promega 7\ +); DNA PR 4lifb/ ISR 7] £
IPTG. X-gal, Taq plus DNA & . ANTP. £&Fh
WG AN . %R > F it Marker, T4 DNA
AR, JNE SRS F LW A S E A RR

ARTTEA G EYAEY TN, BRI AT
W Drd 1. Ase 1 250 [ NEB, HAxRH124 K E 740 #r
afi
1.3 1EHFE

LB ¥ 3 5L f1 YEPD 353 517, 5535 (&R B 1)
YEPD $55R FEUNINZR S 80 pg/mL HIRTT .
TC199 K5 F# 3 (g/L): TC199 KK —45(9.5 g), 150 mL
1 mol/L HEPES, 1 mL 80 mg/mL JR1F, hnZ:8s1 /K
Z1L; VAW pH 2 4888, HH— WM g # Lt
DEBRTR o B-F- FUME T BT PE A B AR #RAE TC199 Kk
FRHLH R IR, — A RS 3% 2= X B0 Ik i T
BPS(4 B FH A )i FeCls ke fhl i Bk ol & & 2k
W
1.4 CaClyiiKBary¥eit. B3 L(BERRER)

W27 SCHR[7,8]-
15 BEEBEMPCRZNBIHTFESRET

FED ) AR A Rim101p /) DNA 45600500
GCCAAGA, ¥ FRPI J581T-160 ZbikitiA %
ARS8 E160mut 1 E160 &2 mut, DA FRPI G
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S N, 2% P1. E160 mut Al P2, E160 2
mut, pfu i PCR 344 A 5748 1YW 3t i B, DNA [A]
WA & ik alifb s, PAX 2 40 BE(EL] 1:1) M
#e, P1 A1 P2 514 PCR 345 1 2k 1000 bp ) DNA
Sy, B2 78 S8 R 81T Prrer-16omuto Prrpr-6somut
F1 P rrpi-160-650mut 228 J7 ¥ A F o
1.6 B-FFHEEEGE AN E

BHAL TR T 35 mL TC199 §53:3Eh, 30°C
PG FEE ODgoo~=1.0 BHERA, B-2F 7L Bl
TG PE B0 E DL SCHER[9], B-~FFL WS 1 i A vE Mt A
3, OD4oo( ) x1000/[ODjgoo( B ¢ )< 1(min) <3 (Fi B¢
EF)] HAi A Miller,

Cloning of FRP1 promoter using

the method PCR  Nde 1
I |

Ligased with pPGEM-T-
Easy vector, identified
the direction of the
fragment

Pfipl

1

pGEM-T-Pfip 1

l Digested by Nde 1, Mlu 1

2 %

2.1 FRP1 BzhFRI

T HAE FRPI A8+ 2 ANEFER) Rim101p
EAALEAE, BRATBIRNX 2 LS TE R
AR, FF H I TP SR AS . FRPI IR shFINA T
Nae 1 EEYIN 5, 72551 A GCCGGC, W] LA )

3-GCCAAG 5-CTTGGC

I
650 -160 > FRPI >

Bl FRPLEHTFTHEHE 24 RimlOlp WEELENMS
Fig. 1 Diagram of the putative Rim101p binding sites
within the FRP1 promoter

pDDB211

6500 bp

Digested by Nde 1, Ase |

Ase 1 Nde 1

l Ligestion

Pfipl

pGEM-T-Pfrp 1-LacZ
7500 bp

LacZ,

Digested by Drd 1

1
pDDB78

6300 bp

His
Digested by
EcoR 1, Not 1

tranformed into S. cerevisiae

The two fragment were
DAY414

Extraction of genomic
DNA, electtotransformated £. coli

l

LacZ,

pNK 1000
11800 bp

1 Nrul

His 1

Pfipl

2 BRIt E

Fig. 2 The process of plasmid construction
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Nae 1 FEVISIERB I % . KL 51 PCR ™
VI Nae 1 ) (25 UL 3), JKiE 4 ' Prgp, NEEHE
Nae 1 YITT, ¥KIE 3 W Prrpi-ssoma AEBEDI I 650 bp il
350 bp K/INKY 2 25747, KB 2 T Prgpioisomu AEREYIH
160 bp 1 840 bp [ 2 4547, MM Prrps-160-650mu WAL Y]
1160 bp. 350 bp il 390 bp =454, X HL5 FiI45
FAFE, ULHIXF FRPI JA 2 s ) . RAZ A
315 pGEM-Teasy # A& LM KIGFFE E. coli
DHSo, #k B % 4k 38 28 0y i — 20 30 ik 45 1
1EHf o

bp
4500
3000
2000

1200
800

500
200

3 RTEFF Nae | BN
Identification of the mutated promoter by Nae |
digestion
M: marker II; 1~4: Perpi-160-650muts PErP1-650muts PERP1-160mut, Prrprs
respectively

22 FRP1E#HFE LacZ & RALRIME

FRPI J3 375 pGEM-Teasy #{fi% i AL
E. coli, 135 pGEM-T-Pppp; UKL, A7 WEHHE 2 AT
(Streptomyces thermophilus)LacZ % 75 55 K 1) 5t HiL
pDDB211 £ Nde 1 fil Ase 1 WY, 5% Nde 1
Mlu W(Ase T[] 2 B )BT ) pGEM-T-P pgp; BURL
PHTHERE, 774 pGEM- Prgp~LacZ KL, % Drd 1
iVl 5 5 Not 1M EcoR 1 XUfiff Y] () pDDB78 JHi iz

1 2 3 4 M

Fig. 3

2000 bp

PG AL B Jr 1 LR AL B O 2R DAY414 W, 7E
SC-try ik it 75 5k b i v e A7 . 2 S Bk i BL e
P BF vp o 21 i RO kL, A5 3 A 2R pNK 1000,
ORIk AR B 2, pNK160mut pNK650mut #l
pNK160-650mut 57444 i #2 5 pNK 1000 AH[F] . Jit
RIS E LS R A PCR SESSRANA 4, 50 A
BfFA .
2.3 FRP1 BahFiEMEmHh

JBAL pNK 1000 7545 5 AR ERIA his THE A Y [A]
X, ZCRLZE Nru LY 5 09 R T BE A% AN 3 R 41 & A=
HA, 15 LacZ 5 3L RIH AR A b ik . 4351
BEAV PTG BRI B R BUA rim101-/-R 750k, AL 718
AR pH(pH4 F1 pH8). A[FEkES FUE T 8%, &
138 2o 55 B-F FLWE 1T W 0% 1k 1 58 55 0k 0 BT FRPI
TR AL S IREE pH Ak BRI FREE 22 18] A 156 &
(W3R 3)o 435I LABA e Ak A JBORE (4 1 57 A= A
rim101-/-BRBERRAXTIE LRI 2, AR A
H Lacz 3£, AT LLEEE PCR K LacZ Sk
B IA TR A 4 A AL A

26 3 Bl nT A (D)XFRE 1 RS 2 JCiS R AE
PR R P A B Ak PR, LB ZUE T il
TEPEFR R 0, URAXT IR 1 A% B8 2 (4 -2 FUBE T BTG
PERAZ IR pH FIECER IR 20 i, FRAT A5
() -2 LA T W15 PR R 52 2 AR s T a oh
LacZ FERF Rk 25 R (2)&H Prrpi-LacZ J W Y
A AR AE pHS B Y B2 FLBE Il 15 K T
pH4 IHAYIG Tk, 22 57E 10 5447 ; 16 pH4 500 T3
Jin BPS B FeCly B XJ B Pk 1) B-F= FLIH 1 B P4 52 il
AK; AE pH8 S5 T AEGSINEL A 5 of B-F FLWH 1 il

5 6 7 8 M

bp
6380

2410
1290

8§97
857

4 ZRFRKL PCREMFEEILE

Fig. 4

Identification of final plasmids by PCR and enzyme digestion

M: marker VI ; 1~4: PCR results of pNK1000, pNK650mut, pNK160mut and pNK160-650mut.;
5~8: pNK1000, pNK650mut, pNK160mut and pNK160-650mut were digested by Bg/ 11
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T PERERE E 19%, TMAA 100 umol/L FeCls J5 B-2E#L
FETF B TR LA 2 80%:; TS Prgpi-LacZ 7 WiHY
rim101-/-5878 Rk, 76 bR S50 1 B-2F: 200 T 1
TEMEARAE 10 2247, FrAn] LIASH: Rim101p BEASIE
] FRPI (3235, Bk S FRERS 1 AL FRPI I3
ik A, S R ) FRPL FRIRH) EVREH T
BRI R o

#z3 BB Prrer-lacZ FIBB XK B E AR &4 THIP-

A EEGE

Table 3 B-Galactosidase assays were performed on
Perpi-LacZ reporter strains

WT rim101-/- C‘E{I;%l ! (rclfnnltg}l /2_)
pH4 56+£025  5.0=030 0 0
pHS 60+1.17  9.0+0.36 0 0
pH4+BPS'  10.5+046  6.4+0.28 0 0
pH8+BPS  712+1.6  12.5+0.86 0 0
pH4+FeCl;>  52+035  53+0.59 0 0
pH8+FeCl; 9.8 +0.41 8.6 +0.38 0 0

Note: At least three independent transformants were used to
determine average Miller units and standard deviations.

! final concentration of BPS was 200 pmol/L; ? final concentration of
FeCl; was 100 umol/L

24 HLRHFIEHEDH

W 98 A8 28 J5ORL 43 ) B Ak 1 A R T BT A Bk R
riml101-/-h, FEA[6] B FREE T K5 5%, A0 B-2f FL A
RIS TR (25 R WL 4).7E pH4 T, FRPL % 9725 3
FAEBFAERIH rim101-/-FR PG PEIOF HAHZEA K
f£ pH8 T, FRP1 %578 ) 8l ¥ 5% Ak rim101-/-h 1% P
5 pH4 T AEAHR], #7E 10 Miller 2247, THEALEF
A TR MR EE S R 1)PFRP1-160mutFDZ§j¥7ﬁ'@5 Prrpi
TEPEREAAH A, BEMIIE 3§ -160 45878500 J5 2
TR, 2)Prres-ssomat T Prrpi-160-6s0mue 183 PE R KA,
5 Prrps AHEE, TEPEREAGE 10 £, BEH-650 i 55
AR P SN R Bl TG 7E pHS RSN BPS 54

Rt — 5 RPLEREBR AR T, Riml0lp RS
¥ FRPI 33k, I HH B FEREEL 5B 3T1
—650 AbZ5A A S A EAE FIR S o
3 Wik

TERRBE B P, ScRim101p F1AE B R 1 v S5 A
WS R G BE R B Rk, Tl L 10 SMP1 F NRG1
Wk, Ta) Bz M AR 5 i IR O R e O TR 3R
kU, Ana M. Ramo’n ZEUYHEFT 8 H SR
Rim101p JE5E G T, RERS B HE4s A —mid
A R sh T X, AR R T R LR Y 2
KW pH WKL PHRI, Yong-Un B Z:U0 % B
Rim101p 7EBREFREE T #06il pH B & 5L Kl PHR2 353K,
It HAMT S 8 7454 Rim101p Y 2 MU v 6 471
i CCAAGAA., It LAAE FZ&ER I H, Rim101p BE AT 2L
MO 3% T TR AR U R TR 3638, [RIsh 3 mT DAy
P B F- B o — S S PR gk . ARBFSE & B Rim101p
fETEMAEE FRPI ik, Riml01p 7EMYERREE F A
A, EFRAT S PR T 548 ) B FAE
B A e AR o R AN T 3 3 X6 i 8 e A
Rim101p 56 (LT E MR, MERZE T
Y LacZ WG S5k, A0 BT AR T RIELBE T TR AR O
O3 AT 2 A B2 L T ) 9% e ) G 5 2R ke B
FEHRBREIREE T, —650 b4 2T 5E M FRPI JH
S FIE M, M—160 37 s 2848 W] 5 mi AS K, 156 B
Rim101p AJ g F 2 5 1 8 F-650 A s A EBAFEH]
FKHE FRPI 1335

M4 Rim101p FE@ 13 5 )7 8l F—650 {37 s5 AH
HAER, MARE-1602 B Je—nl RER LA 0 5 5]
ATG FEESZmWESG/EH, AR — BB AR,
FESYHT PHR2 J5 8 T &3 3 4> Rim101p 454107 £,
S TF-51, —124, =575, —124 EH42 AR R 07

R4 TARLH Perer-LacZ RETRI RSB AR F G TRIB-F A EE IS

Table 4 B-Galactosidase assays were performed on mutated promoter reporter strains

pNK160mut pNK650mut pNK160-650mut
WT rim101-/- riml01-/- WT rim101-/-
pH4 10.5+£0.43 2.3+0.30 6.4+0.51 3.2+0.33 7.7£0.41 4.8+0.27
pH8 68.2+1.02 3.7+0.45 5.5+0.28 4.1+0.52 7.4+0.53 2.24+0.19
pH8+BPS! 59.5+0.89 5.1£0.39 3.2+0.50 7.24+0.32 6.9+0.39 10.5+£0.56

Note: At least three independent transformants were used to determine average Miller units and standard deviations

'final concentration of BPS was 200 pmol/L
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Ao W1 Haf LUE H FRPI -160 F1-650 &b )7 51 &2
B EAb, AEMIA S 45 G ALY 5 5 520 Rim101p
5JR s T EAE R . FATH A EMSA S8
—B9FE Rim101p 5 FRPI F 8 FHHEAER .

A= R TE R PR R AR AT R AR AR N Bk B
AL B TR AR B A AE T, DS Rl R
WAHTN, AN MRt R T, LR
AU A BRI B B 3, DAL, A AR 4 S Rk
F14) P R AT R 4 L PN B S R TR R A kI &R
Bt o DN B-2F- FLWE ol 1 375 P A DN 25 SR AT DA & BRAE pHS
MU FeCls, FRPI JAZhTiEPEREARE] 9 Miller 2
fi; JCIWAE pH4 i JE pHS &, ¥R BPS i —25 ik
R flE Bh G R R, RARE BT mAEI A, B
PAFRATTHE 30 A7 A A 0 5 s R 4% FRPI W3R
ik, AR A] REIX S A ik A - 2[RI AR 5% sk
WA FRPI JER M RK . HEFE Candida albcan 1,
R CA R IR 0 AR AR R -, an TUPL Al
SFUI. Tuplp"?V& (&R A & A AR — 4
3k PR AR R, 38 e 6 R R R G b O A Oy
MR RIS R . BT S
cerevisiae AMWHABLZIR F G E H—4 GATA-#I%%
S DR F IR S AR A O IR IR TR g R ik, A5 2
FH ¥ BF (Schizosaccharomyces pombe)™ Feplp., F4 4
M2 b Sreap. & & ZLB K W (Ustilago maydis)H
Urbslp, F/&EREHFR A Sfulp!™! BE N 2H (4 41 i3
NHRR AL R, AN s Sfulp 1R
AIREE L S Tuplp AHE AR I8 458 2R W s ik PR 1Y %
k. FAFE FRPI J38hTIF 8 s 4 2 13X w4~ 97
2 D B RO a5, 30k S 7 ) LR A T 5 2 )
2L AL *ﬂﬁk%ﬁj\*ﬁﬁﬂugllﬂf TIANFRATHREXF
Je Bl AT B A A, AR 380 A 7B 9 RS B
FRBR IR O .

B AXFTANX>BHMREAGEERRRELEX
# Dr. Dana Davis JEIRIG %, 435 3 2R5.
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